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© Catalysts for the rapid esterification and crosslinking of fibrous cellulose in textile form by polycarboxylic 
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CATALYSTS AND PROCESSES FOR FORMALDEHYDE-FREE DURABLE PRESS FINISHING OF COTTON 

TEXTILES WITH POLYCARBOXYLIC ACIDS 

This invention relates to new esterification catalysts and esterification processes for crosslinking 
cellulose as a means of imparting wrinkle resistance and smooth drying properties to cellulosic textiles 
without the use of formaldehyde or derivatives that release formaldehyde. 

There are numerous commercial processes for imparting wrinkle resistance, shrinkage resistance and 
; smooth drying properties to cotton fabrics and garments, so that they retain their dimensions, smooth 
appearance and normal shape while in use and also when machine washed and tumble dried. In most of 
these processes, formaldehyde or an addition product of formaldehyde is applied to the cotton textile 
together with an acid catalyst, and heat is then applied to produce crosslinking of the cotton cellulose 
molecules. 

The crosslinks thus formed in the cellulose impart to the fabric a tendency to return to its original shape 
and smoothness when deformed by mechanical forces temporarily exerted on the fabric during its use or 
during laundering and tumble drying. 

Formaldehyde addition products with urea, cyclic ureas, carbamate esters or with other amides are 
widely used crosslinking agents for durable press finishing, as the above wrinkle resistant, smooth drying 
treatments are called. The formaldehyde addition products, also known as N-methylol agents or N- 
methylolamides. are effective and inexpensive, but have serious disadvantages. They continuously release 
vapors of formaldehyde during durable press finishing of cotton fabric, subsequent storage of the treated 
fabric, manufacture of the resulting garment, retailing of the garment, and finally during use of the garment 
or textile by the consumer. The irritating effect of formaldehyde vapor on the eyes and skin is a marked 
disadvantage of such finishes, but more serious is the knowledge that formaldehyde is a carcinogen to 
animals and apparently also to humans continuously exposed to formaldehyde vapor for very long periods 
A need is evident for durable press finishing agents and processes that do not require formaldehyde or its 
unstable derivatives. 

Another disadvantage of the use of N-methylol agents in durable press treatments is that Lewis acid 
catalysts and high temperatures are required to bring about sufficiently rapid crosslinking of the cotton 
cellulose by such finishing agents. The Lewis acid catalysts cause undesirable losses of breaking and 
tearing strength in cotton fabric during the heat curing step. The strength losses are due to degradation of 
cellulose molecules by the Lewis acid catalysts at elevated temperature. Such strength losses occur over 
and above the adverse effects on strength of the crosslinkages produced in the cellulose. An added 
d.sadvantage of certain nitrogenous finishes is their tendency to retain chlorine from chlorine bleaches with 
resultant fabric discoloration and strength loss if subsequently given a touch-up ironing. 

The use of polycarboxylic acids with or without catalysts in pad, dry and cure treatments to impart 
wnnkle resistance to cotton fabric was studied by Gagliardi and Shippee, American Dyestuff Reporter 52 
P300-P303 (1963). They observed small increases in fabric wrinkle resistance after rel atively long period s~f 
heating, and noted larger fabric strength losses than are obtained with formaldehyde-based crosslinking 
agents. These excessive strength losses and the low yield of crosslinkages were attributed to the long heat 
curing times needed with the inefficient catalysts then available. 

A more rapid and effective curing process for introducing ester crosslinks into cotton cellulose was 
described by Rowland el al. Textile Research Journal 37, 933-941 (1967). Polycarboxylic acids were 
partially neutralized with sodium carbonate or triethylamine prior to application to the fabric in a pad dry 
and heat cure type of treatment. Crosslinking of cellulose was obtained whenever the polycarboxylic acid 
contained three or more carboxyl groups suitably located in each molecule. With certain polycarboxylic 
acids, a useful level of wrinkle resistance was imparted. The conditioned wrinkle recovery angle was 
measured before and after five laundering cycles, and was found to decrease somewhat as a result of 
laundering, even though no loss of ester groups was detected. Neutralization of carboxyl groups with 2% 
sodium carbonate even at room temperature caused a 30% loss of ester groups. This indicates a lack of 
durability of the finish to alkaline solutions such as solutions of alkaline laundering detergents. The curing 
time needed in fabric finishing was moreover too long to permit high speed, mill-scale production 

Subsequently it ws shown by Rowland and Brannan, Textile Research Journal 38, 634-643 (1968) that 
cotton fabncs given the above cellulose crosslinking treataem with polycirb5xylic"acids were recusable 
Creases durable to 5 laundering cycles could be put into the fabrics by wetting the latter, folding, and 
applying a heated iron. Evidence was obtained that the ester crosslinkages are mobile under the influence 
of heat, due to a transesterification reaction taking place between ester groups and adjacent unesterified 
hydroxyl groups on cotton cellulose. 
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These findings were elaborated by Rowland et al, U.S. Patent No. 3,526,048. Sodium carbonate or 
triethylamine were again the examples of bases used to partially neutralize the polycarboxylic acid 
subsequently applied as the cellulose crosslinking agent. Rowland et al defined their process as requiring 
neutralization of 1% to 50% of all carboxylic acid functionality by a~strbng base" selected from the group 

5 consisting of alkali metal hydroxides, carbonates, bicarbonates, acetates, phosphates and borates, prior to 
impregnating the fibrous cellulose with the aqueous polycarboxylic acid and heating to induce crosslinking. 
A strong base selected from the group consisting of ammonia and certain amines also was indicated as 
suitable for the partial neutralization of the polycarboxylic acid. 

Stated limitations of the process of Rowland et al are that the process cannot be conducted with acids 

to of fewer than three carboxyl groups per moleculeTor with acids containing olefinic unsaturate or hydroxyl 
groups. The reasons were lack of reaction with cellulose and lack of effective crosslinking of cellulose 
chains for development of high levels of wrinkle resistance. The limited durability of the finishes noted 
above was also a disadvantage, and the time required for complete curing was too long to permit practical 
rates of cloth finishing. 

75 This invention provides rapid processes for durably imparting to fibrous cellulosic material, such as 
cotton and other cellulosic textiles, a high level of wrinkle resistance and smooth drying properties by 
means of non-nitrogenous cellulose crosslinking agents, without the use of formaldehyde or derivatives that 
release formaldehyde, and with less loss of tearing strength and breaking strength than produced by 
conventional N-methylolamides. 

20 The present invention comprises reacting a polycarboxylic acid with the fibrous cellulosic material in the 
presence of a particular curing catalyst at elevated temperature. The material is impregnated with a treating 
solution containing the polycarboxylic acid and the curing catalyst after which the material is heat cured to 
produce esterification and crosslinking of the cellulose with the polycarboxylic acid. In a preferred 
embodiment the process is carried out as a pad, dry and heat cure procedure with the drying and heat 

25 curing done either consecutively or simultaneously. 

Curing catalysts suitable for this process are alkali metal salts of phosphorus-containing acids which 
include phosphorous acid, hypophosphorous acid, and polyphosphoric acids. Most of the curing catalysts 
are weak bases, since they are alkali metal salts of acids stronger than ortho-phosphoric acid. 

Polycarboxylic acids suitable as cellulose crosslinking agents for the process of the present invention 

30 are aliphatic, alicyclic and aromatic acids which contain at least three and preferably more carboxyl groups 
per molecule and are either olefinically saturated or unsaturated, or aliphatic, alicyclic and aromatic acids 
having two carboxyl groups per molecule with a carborl-carbon double bond present alpha, beta to one or 
both carboxyl groups. In the case of aliphatic and alicyclic acids, at least two of the carboxyl groups must 
be separated by only 2 to 3 carbon atoms on the chain or ring. In the case of aromatic acids, a carboxyl 

35 group must be ortho to a second carboxyl group. Also suitable are aliphatic acids containing three or more 
carboxyl groups per molecule and having a hydroxyl group present on a carbon atom attached to one of the 
carboxyl groups. 

An object of the present invention is to provide a process for improving the wrinkle resistance, 
shrinkage resistance and smooth drying properties of cellulosic fiber-containing textiles without the use of 
40 formaldehyde or agents that release formaldehyde. 

A second object of the present invention is to provide a non-nitrogenous durable press finish for 
cellulosic fiber textiles in which the level of smooth drying performance, wrinkle resistance and shrinkage 
resistance imparted is comparable to that obtained with nitrogenous durable press finishing agents such as 
N-methyiol agents. A third object of the present invention is to provide a durable press process producing 
45 less tearing and breaking strength loss in the cellulosic textile than is produced by an N-methylol agent at a 
given level of wrinkle resistance and durable press performance imparted. 

A fourth object is to provide a wrinkle resistant and smooth drying fabric of polycarboxylic acid- 
esterified cellulosic fiber, such as cotton, that retains its durable press properties after repeated laundering 
with alkaline detergents at elevated wash temperatures, 
so A fifth object is to provide esterification catalysts giving sufficiently rapid esterification and crosslinking 
of cellulosic fiber by polycarboxylic acids to permit practical rates of durable press finishing of cellulosic 
fiber-containing fabrics at cure temperatures below the scorch temperature of the cellulose. 

A sixth object is to provide odor-free durable press finishes for cellulosic fiber-containing fabric that also 
impart thermal recurability, soil release properties and an affinity for basic or cationic dyes to the cellulosic 
55 fabric. 

The present invention is applicable to fibrous cellulosic material containing not less than 30% by weight 
of cellulosic fibers including cotton, flax, jute, hemp, ramie and regenerated unsubstituted wood celluloses 
such as rayon. The disclosed process, may be -applied to fibrous cellulosic material in the form of woven 
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o!l?TT , teX !T S SUCh 33 yamS ' nd W ° Ven ° r fabrics ' ■*» to fibers - «"**. s«vers. or 

paper The disclosed process is most advantageous with textiles containing 50%-100% cotton 

C ontI^nn re a S KHrr nti ° n " ^ °" ^ ** ClaSSSS ° f alkali metal Sal * Of phosphorus- 

s SS? , h I 3 9reater acceleratina effect «i the esterification and crosslinking of cellulose by 
s polycarboxylic acids than is produced by the strong base catalysts used in prior art processes Since the 
cunng catalysts of the present invention are in most instances weak bases or even 

caSJs s ::sz n : t desire ? cross ,!: nkin9 ° f *• ce,,u,ose in a ^ «•* «s2srs 

no SSL^f k f T m ' he S ' mple neutra,i2ation of a portion of the carboxyl groups of the 

,o K?EE?£J? V f I 9 b3Se aCUn9 38 3 bUfferin9 39ent Moreover ,he dreatar laundering durability 
io of the tone hmshes of the present invention also demonstrates the operation of new principles. 

anh J£ T? ^ 9 1? f 6CtiVe CUrin9 ° atalyStS °' thiS inventi0 " are a,kali me,al hypophosphites. which in 
iTSno T T t ° rmU,a MH2P ° 2 Where M is an alkali metal atom - The mechanism of the cata.ysis 
h ^ S hypothes,zed that duri "9 heat cure, the polycarboxyiic acid forms cyclic anhydrides 

which then add to the alkali meta, hypophosphite to form acy.phosphinates. <HOOCJ«^gfSSSS 

« i ftTE "! / *° 3 t0 "* numbar ° f Cydic anhydride rinas <°™ d ^ 

reacted w,th the alkali metal hypophosphite. and R represents the structure of the polycarboxylic acid 

molecule )0 ,ned to the anhydride rings transitorily formed. The hypothetical acylphosphinate s ormS 

zjssszzsi the desired cross,inked esters of the p °~ L - a " ; - = 

20 ^^h'r?'!^' iS f ° Und that C3talySt iS effecHve at ""oentrations as low as 0.3% by weight in a 
! Swi £1 oirSe * °' ^ finiSh * 9r8ateSt 31 hl9her A concentraL range of 

tr J^?^ 9a ! nS °' fibr ° US CellU ' 0SiC material are ,ar 9 8 ' tnan runted for by the polycarboxylic 
. ^ttZSZ"* " ^ ^ - ~ ■ * -ident^omeVthe curing 

has Ht^rZ^ hyP ° ph0Sphites are effective ^" -ith a crosslinking agent such as maleic acd which 
of 2. ? ° , y. Y l 9r0UpS P6r m °' eCule - 11 is possible ^ molecule * ° f maleic acid add to one molecule 

TLT«lTr m ° 10 y ', e,d 3 tetraCarb0xylic acid ** * actual cellulose crosslinking agent 
the formuS MH PO S"J hph St M^** inventi ° n ar9 a,kali metaJ PhosphL'having 

dTrlte nl h . d 2 , u° 3 ' Th6Se are n9arly 38 active as alkali metal hypophosphites, but the 
durable press finishes obtained by their use are slightly less durable to laundering. Their mode of acton is 

ZcTZ* he 'JLTSS TT'^rT acid 00 heat curin9 ,orms cycl * 25^5 

?,!fi« metal P hos Ph'tes to form acylphosphonates (HOOClxRrCfOlPrOwomnMTv J* 

(HOOC)xR[C(0)P(0)(OM) 2 ]x where X and R are defined as above, and STSu The 

polycarboxylic acd. and regenerate the alkali metal phosphite catalyst 

are ^ZTTol^U^^ TT* M ° h aCCelerating the desired cellulosa linking 
oreferaS! Sft£ It V 9 ' S °' Ution - For dibasic P h <*Phite salts, however, it is 
preferable that the molar concentration of the catalyst does not exceed 65% of the normality o lie 

Tttd^ ''I thS "T r 9 bath USed t0 impre 9 nate *• ce,lL " dai = nber-containing mateS 
I sa J n h ' rd C ' a °I curin 9 catalysts employed in the processes of the present invention are the alkali metal 

I trimethl'h yP h ° SP "^''f ^ "* ph ° Sphoric acids and a "<=ompass the cydic olmers 

tnmethaphosphonc acd and tetrametaphosphoric acid, and acyclic polyphosphoric acids conta lo 2 to 50 

The mechanism of the curing action of alkali metal salts of condensed phosphoric acids is not known 

Z e P T£°itv e J ^?lr2 ? h' f 6 '" 9 a " C3SeS *» M,,S ° f a " hydrides of orthoptoXS 
nave the ability to react at elevated temperature with the polycarboxylic acid used as the caiiuinJ 
crosslinking agent, to form mixed carboxylic-phosphoric or «rt^c^l^^aSy^!S 

ssr: iiiT with cei,ui ? e ,o form * e desired crossiinked ^ °* sjsSoSsitj^si 

S . «er L te tTcfTS al ° n9 t : th a m ° derate am ° Unt ° f P^Phorylated cellu.ose'as a c -prod t 
The latter ,n the form of the alkal. metal salt is anionic, and would result in a greater negative charge in the 
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substituted cellulose. This negative charge would repel negatively charged anions of the alkaline detergent 
as well as any hydroxyl ions present thereby decreasing the rate of alkaline hydrolysis of the ester 
crosslinks during laundering. 

The processes of the present invention are carried out by first impregnating the fibrous cellulosic 
5 material with a treating solution containing the polycarboxylic acid, the curing catalyst, a solvent and 
optionally a fabric softener. This may be done, for example, by immersing the material in a bath of the 
treating solution. The solvent used to prepare the treating solution is preferably water, although any inert 
volatile solvent in which the polycarboxylic acid and curing catalyst are soluble or uniformly dispersible can 
be used. The fabric softener, if present, should be an inert, emulsified nonionic or anionic material such as 
w the usual nonionic polyethylene, polypropylene, or silicone softeners. After being thoroughly wet in the 
treating bath, the cellulosic material is passed between squeeze rolls to remove excess liquid, and is then 
oven-dried at any convenient temperature just sufficient to remove the solvent within the desired time. The 
material is then oven-cured at 1 50-240 'C for 5 seconds to 30 minutes to cause cellulose esterification and 
crosslinking to occur. Alternatively the above drying step may be omitted, and the material can be "flash- 
es cured" to remove solvent at the same time that cellulose esterification and crosslinking take place. If 
desired, the cured material may subsequently be given a water rinse to remove unreacted reagent and 
curing catalyst, and may then be redr\e6. 

The polycarboxylic acids effective as cellulose crosslinking agents in the processes of this invention 
include aliphatic, aticyclic and aromatic acids either olefinically saturated or unsaturated with at least three 
20 and preferably more carboxyl groups per molecule or with two carboxyl groups per molecule if a carbon- 
carbon double bond is present alpha, beta to one or both carboxyl groups. An additional requirement is that 
to be reactive in esterifying cellulose hydroxyl groups, a given carboxyl group in an aliphatic or alicyclic 
polycarboxylic acid must be separated from a second carboxyl group by no less than 2 carbon atoms and 
no more than three carbon atoms. In an aromatic acid, a carboxyl group must be ortho to a second carboxyl 
25 group if the first carboxyl is to be effective in esterifying cellulosic hydroxyl groups. It appears from these 
requirements that for a carboxyl group to be reactive, it must be able to form a cyclic 5-or 6-membered 
anhydride ring with a neighboring carboxyl group in the polycarboxylic acid molecule. Where two carboxyl 
groups are separated by a carbon-carbon double bond or are both connected to the same ring, the two 
carboxyl groups must be in the cis configuration relative to each other if they are to interact in this manner. 
30 The aliphatic or alicyclic polycarboxylic acid may also contain an oxygen or sulfur atom in the chain or 
jfii ring to which the carboxyl groups are attached. 

f*: In aliphatic acids containing three or more carboxyl groups per molecule, a hydroxyl group attached to 

3 a carbon atom alpha to a carboxyl group does not interfere with the esterification and crosslinking of 

'0. cellulose by the acid, although the presence of the hydroxyl group causes a noticeable yellowing of the 

;?? 35 material during the heat cure. Such an alpha -hydroxy acid is suitable for durable press finishing of suitably 

dyed cotton fabric, since the color of the dye conceals the discoloration caused by the hydroxyl group. 
Fabric discoloration is similarly observed with an unsaturated acid having an olefinic double bond that is not 
only alpha , beta to one carboxyl group but also beta, gamma to a second carboxyl group. 

The discoloration produced in a white cellulosic material by crosslinking it with an alpha-hydroxy acid 
40 such as citric acid can be removed by impregnating the discolored material with an aqueous solution 
containing from 0.5% to 5% by weight of a decolorizing agent selected from the group consisting of 
? > magnesium monoperoxyphthalate, sodium perborate, sodium tetraborate, boric acid, sodium borohydride, 

?= sodium hypochlorite, and hydrogen chloride. The material is immersed in the solution of decolorizing agent 

$ and soaked for 5 to 120 minutes at ambient temperature or if necessary in such a solution warmed to a 

% 45 temperature not exceeding 60 *C. The material is subsequently rinsed with water to remove excess 

>h chemicals and solubilized colored products, and then is dried. 

Examples of specific polycarboxylic acids which fall within the scope of this invention are the following: 
maleic acid; citraconic acid also called methylmaleic acid; citric acid also known as 2-hydroxy-l ,2,3- 
propanetricarboxylic acid; itaconic acid also called methylenesuccinic acid; tricarballylic acid also known as 
50 1 ,2,3-propanetricarboxylic acid; trans -aconitic acid also known as trans- 1-propene-1,2,3-tricarboxy lie acid; 
1,2,3,4-butanetetracarboxylic acid; all-cis-1,2,3,4-cyclopentanetetracarboxylic acid; mellitic acid also known 
as benzenehexacarboxylic acid; oxydisuccinic acid also known as 2,2'-oxybis(butanedioic acid); thiodisuc- 
cinic acid; and the like. 

The concentration of polycarboxylic acid used in the treating solution may be in the range of 1% to 
55 20% by weight depending on the solubility of the polycarboxylic acid and the degree of cellulose 
crosslinking required as determined by the level of wrinkle resistance, smooth drying properties and 
shrinkage resistance desired. 

In the examples to be given, the properties of the treated fabrics were measured by standard test 
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methods. wh.ch were as follows: conditioned and wet wrinkle recovery angle-ASTM method D-1 295-67 
Elmendorf tearing strength-ASTM Method D-1424-63. strip breaking strength-ASTM Method D-1682-64 

fi?rr S ^ y J ! ^ U f Q c^ Meth0d (Federa ' T8St 191 - Me,hod 5202 >' durab,e P ress apP^rance ratings- 
Metnod 124 ' 1 967. The machine launderings were at a wash temperature of 50 "C. The pH of the 
wash water was 9.8 due to use of standard AATCC detergent. Thus the laundering was at high alkalinity in 
order to test the durabil.ty to alkaline detergent of the durable press finishes of this invention 

In the follow.ng examples, all parts and percentages are by weight. The examples are only illustrative of 
the processes of the present invention. Changes and modifications in the specifically described embodi- 
ments can be earned out without departing from the scope of the invention which is intended to be limited 
only by the scope of the claims. 



Example 1 



Sodium Hypophosphite as a Curing Catalyst for the Durable Press Finishing of Cotton Fabric with 1,2.3.4- 

Butanetetracarboxylic Acid 

An aqueous treating bath was prepared containing 6.3% by weight of 1 .2,3.4-butanetetracarboxylic acid 
a specfied concentration of sodium hypophosphite monohydrate as curing catalyst, and 1% emulsified 
non.on.c polyethylene which served as a fabric softener. An all-cotton desized. scoured and bleached 80x80 
pnntcloth werghing 3.2 oryd* was thoroughly wetted by immersion in this treating bath, was passed 
between the rolls of a wringer, was again immersed in the treating -bath, and was again passed through the 
wringer, the pressure of the wringer rolls being sufficient to g.ve a wet pickup of 116%-134% of aqueous 
mature on the fabric, based on the original weight of fabric sample 

The fabric was then dried in a forced draft oven at 85" C for 5 minutes, and was heat-cured in a second 
forced draft oven at a specified temperature for a stated time. The fabric was subsequently rinsed for 30 
minutes in hot running water to remove any unreacted agents, and was oven dried at 85* C for 5 minutes 

The durable press appearance rating of the treated fabric after one machine laundering and tumble 
drying cycle was determ.ned as a function of the curing temperature and time, as well as the concentration 
of sodium hypophosphite monohydrate used. The results appear in Table I. 



EP 0 354 648 A2 



Table I 



5 



70 



15 



20 



Cone. 


Cure 


Cure 


Fabric 


Durable 


Fabric Color 


NaH 2 P0 2 .H 2 0 


Temp. 


Time 


Weight Gain 


Press Rating 






Catalyst 
























Before Rinse 


After Rinse 


0.0% 


180" C 


90sec. 


7.8% 


2.9 


pale tan 


faint tan 


0.4 


180 


90 


10.0 


4.1 


pale tan 


faint yellow 


0.8 


180 


90 


9.3 


4,4 


faint yellow 


white 


1 .6 


1 Af) 

1 Ov 


3U 






off-white 


white 


3.3 


180 


90 


9.9 


4.8 


white 


white 


6.5 


180 


90 


12.1 


4.5 


white 


white 


6.5 a 


180 


90 


9.9 


4.7 


white 


white 


6.5 


180 


45 


11.8 


4.6 


white 


white 


6.5 


180 


30 


10.8 


4.1 j 


white 


white 


6.5 


195 


30 


11.1 


4.6 


white 


white 


DMDHEU 0 


160 


180 


7.3 


4.6 


off-white 


off-white 


6.5 C 


180 


90 


0.9 


1.8 


white 


white 


Untreated fabric 








1.5 


white 


white 



a No polyethylene present as fabric softener in this run. 

b A treating bath containing 6% dimethyloldihydroxyethyleneurea as the cellulose crosslinking 
agent, 1.5% MgCI 2 .6H 2 0 as catalyst, and 1.0% polyethylene was used in this run. 



25 c The treating bath contained sodium hypophosphite and polyethylene but no 
1 .2.3.4-butanetetracarboxylic acid. 



Fibers were removed from cotton fabric which had been treated as above with 6.3% 1,2,3.4- 
butanetetracarboxylic acid and 6.5% sodium hypophosphite monohydrate with heat curing at 180* for 90 
seconds. The fibers were completely insoluble in 1.0M aqueous cuph'ethylenediamine hydroxide solution 
even after 1 hour. Fibers from untreated fabric dissolved within 30 seconds in this solution. The results 
show the cotton cellulose was highly crosslinked after being heat-cured with 1 .2,3.4-butanetetracarboxylic 
acid and the sodium hypophosphite catalyst. The same positive test for crosslinking was obtained after the 
heat cure when 1% emulsified polyethylene was also present with the butanetetracarboxylic acid and 
sodium hypophosphite used to treat the fabric. 

A number of textile properties were measured on the treated fabric samples prior to machine 
laundering, and are compared in Table II. 

TABLE II 





Cone. 


Cure 


Wrinkle Recovery 


Warp Tear 


Warp Break 


Stiffness, Bending 




NaH 2 P0 2 .H 2 0 




Angle(W+F) 


Strength 


Strength 


Moment (Warp) 


45 


Catalyst 








Retained 


Retained 










Cond. 


Wet 










6.5% 


180*/90sec 


300 ' 


268* 


60% 


54% 


5.8x1 0~*in.-lb. 




6.5 


180/45 


293 


267 


58 


57 


4.3 


50 


6.5 


195/30 


288 


276 


54 


59 


4.3 




DMDHEU 3 


160/180 


303 


271 


54 


44 


4.2 




Untreated fabric 




200 


141 


(100) 


(100) 


4.8 



a The treating bath contained 6% dimethyloldihydroxyethyleneurea, 1.5% MgCI 2 .6H 2 0 and 1.0% 
polyethylene in place of butanetetracarboxylic acid, sodium hypophosphite and polye hylene. 



The data show that sodium hypophosphite induced very fast curing reactions of 1 ,2,3,4-butanetetracar- 
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Example 2 



Comparison of Sodium Hypophosphite and Disodium Phosphite with other Catalysts for Durable Press Rnishing 
of Cotton Fabric with 1,2.3.4-Butanetetracarboxylic Acid 
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20 



• a wXS^SJTS^ Z T? T C ° n,ainin9 6 3% bY Wei9W ° f '^.^utanetetracarboxylic acid. 
LZ 7 ! y emuls.fied nonionic polyethylene which served as a fabric softener An all 

oSr; trr r 80 printc,o,h w - ei9hin9 32 °^ - 

me procedure of Example 1. The heat cure was at 180 C for 90 seconds After the final ™ min..** . 
nnse and oven dry,ng. «ne treated fabnc samples were repeated.y mSne wa ed a 

JhP rl'" 58 aPP9aran T Ce fatin9S W6re de,ermined after a num "er of wash-and ,rb^y cyctes 

The r atlngs appear , n Tab|e ,„ as , ^ Qf ^ number ^ d tumble dry cyc es 
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Curing Catalyst 


Catalyst 
Normality As a 
Base* 




Durable Press Appearance Rating After Repeated 
Washing and Tumble Drying Cycles 






No. 
Cycles: 


(D 


(5) 


(20) 


(30) 


(35) 


(40) 


(65) 


6.5% NaH 2 P0 2 .H 2 0 
6.6% Na 2 HP0 3 .5H 2 0 
4.4% Na 2 HPOd 
7.7% Na 3 PO*.12H 2 0 
5.8% Na 3 P04.12H 2 0 
2.9% Na 3 PO*.12H 2 0 
3.3% Na 2 C0 3 
1.6% Na 2 C0 3 
0.8% Na 2 C0 3 

a Numericallv eaual tn t 


0.61 equiv. liter 
0.61 
0.62 
0.61 
0.46 
0.23 
0.60 
0.30 
0.15 




4.5 
4.5 
4.2 
3.8 
4.3 
4.0 
2.9 
3.8 
4.0 


4.4 
4.2 
4.0 

3.9 
3.9 
2.8 
3.7 
3.7 


4.6 
4.0 
3.8 

3.9 

3.2 
3.5 


4.5 
4.3 
3.7 

3.8 

2.9 
3.7 


4.5 

3.5 
3.4 


4.1 
3.4 

3.5 
3.5 


4.0 
3.6 

3.6 
3.5 
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Example 3 



5 Comparison of Various Polycarboxylic Acids as Durable Press Finishing Agents for Cotton Fabric with Sodium 
Hypophosphite or Disodium Phosphite as the Curing Catalyst 

An aqueous treating bath was prepared containing a specified concentration of a given polycarboxylic 
to acid, a stated catalyst and 1% emulsified nonionic polyethylene which served as a fabric softener. An all- 
cotton desized. scoured and bleached 80x80 printcloth weighing 3.2 02 yd 2 was thoroughly wetted by 
immersion in this treating bath, was passed between the rolls of a wringer, was again immersed in the 
treating bath, and was again passed through the wringer, the pressure of the wringer rolls being sufficient to 
give a wet pickup of 112%-126% of aqueous mixture on the fabric, based on the original weight of fabric 
15 sample. 

The fabric was then dried in a forced draft oven at 85 " C for 5 minutes, and was heat-cured in a second 
forced draft oven at 180* C for 90 seconds. The fabric was subsequently rinsed for 30 minutes in hot 
running water to removed any unreacted agents, and was oven dried at 85 * C for 5 minutes. 

The durable press appearance ratings were determined after varying number of machine wash-and- 
20 tumble dry cycles, and are shown in Table IV as a function of the particular polycarboxylic acid and catalyst 
used. 



Table IV 



25 



30 



35 



40 



45 



50 



55 



Poly- 
carboxylic 

Acid Catalyst 

9.5% 1,2,3- 
propanetri- 6.5% 
carboxylic NaH 2 K> 2 • H 2 0 
acid a 

6.6% 

Na2HP0 3 .5H 2 0 
7.7% 

Na 3 P0 4 .12H 2 0 

3.3% 
Na 2 C0 3 

1.6% 
Na 2 O0 3 

0.8% 
Na 2 G0 3 

None 

6.5% 

NaH 2 P0 2 .H20 

4.4% 
Na 2 HP0 4 

5.8% 

Na 3 P0 4 12H 2 0 



10.4% 

citric 

Acid 



Durable Press Ratings 
Fabric After Multiple 

Weight No. Laundering Cycles 

Gain Cycles; (1) (5) (10) (20) (30) 

11.0% 4.6 4.7 4.4 4.6 4.6 



13.2 
12.4 
11.0 
12.5 
10.6 
7.1 
12.3 
12.9 
12.0 



4.4 3.9 3.8 3.7 3.6 
3.9 

3.7 
3.9 
3.6 
2.2 

4.7 4.5 4.0 3.8 3.7 

3.5 3.4 
3.5 3.5 



EP 0 354 648 A2 



10 



Table IV (Continued) 

4.0% 13.9 3.5 

None 8.3 2.7 

9- 4% 2.9% 9.5 4.3 4.3 4.0 3.9 3.5 

trans- 1- NaH 2 P0 2 .H 2 0 
propene- 

1,2,3-tri- None 5.7 3.3 
carixocylic 
acid c 

6-3% 2.9% 10.7 3.4 3.5 3.0 

15 maleic Acid NdRjBC^.Iltf) 

None 4.3 2.8 

6.3% 6.5% 10.0 4.6 4.6 4.4 4.6 4.6 

all-cis- NaHpPCU . H 9 0 
1,2,374- 2 2 ^ 

cyclopen- 6.6% 11.4 4.4 3.8 4.0 3.6 3.6 

tanetetra- NajHFC^.S^O 
carboxylic 

acid None 8.7 2.7 

7.2% 6.5% 11.0 4.4 4.7 

thiodisuc- NaH 2 P0 2 .H 2 0 



20 



25 



cinic acid 

None 7.1 2.9 

30 6.2% 6.5% 10.9 4.4 4.3 4.4 

benzene- NaH 2 P0 2 - H 2° 
hexa- 

carfagxylic None 11. 0 3.7 4.0 3.0 
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40 



50 
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6% DMDHEtf 2 7.3 4.6 4.7 4.8 4.8 4.8 

Untreated 

fahric 1.5 1.4 1.4 1.6 1.5 

a Tricarballylic acid is the common name of this acid. 
b Trisodium citrate dihydrate. 

trans- Aconitic acid is the common name of this acid. 

Mellitic Acid is the common name of this acid. 

Same run with dimethyloldihydroxyethyleneurea as in 

Tables I and II. 

Other textile properties of certain of the above treated fabrics were determined prior to machine 
Jundenng, and are shown in Table V. The curing catalyst was 6.50/0 sodium 
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Vlic acd used S JL ™ metal P h °sph.te or hypophosphite as a curing catalyst. The polycarbox- 



Example 4 



Polyphosphate Salts as Curing Catalysts for the Durable Press Finishing of Cotton Fabric with 1 2 3 4- 

Butanetetracarboxylic Acid 

F xar Il a "," COtt0n f?!' 23d - SC0Ur6d 3nd blSaChed 80x80 P rintc,oth wei 9hing 3.2 ozyd* was treated as in 
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Table VI 



5 



w 



Curing Catalyst 


Catalyst 
Normality 3 As a 
Base 


Fabric 
Weight Gain 




Durable Press Ratings After Multiple 
Laundering Cycles 


No. 
Cycles: 


(1) 


(30) 


(40) 


(50) 


3.4% Na 2 H 2 P 2 0 7 b 


0.31 equiv, liter 


12.0% 




4.4 


3.8 


3.9 


3.9 


4 1% NaiP?07 c 


0.62 


11.8 




4.3 


3.9 


3.8 


4.0 


5.6% NacP 3 0-c d 


0.76 


12.2 




4.3 


3.9 


3.8 


4.0 


4.1% <NaP0 3 ) 5 • 


0.40 


10.6 




4.3 


4.0 


3.9 




6.3% <NaP0 3 ) 6 r 


0.62 


11.1 




4.3 


3.9 


4.0 




4.4% Na 2 HPO* 


0.62 


12.0 




4.2 


3.7 


3.4 


3.5 


77% Na 3 POi.l2H 2 0 


0.61 


10.8 




3.8 








5.8% Na 3 POi.l2H 2 0 


0.46 


10.7 




4.3 


3.8 


3.5 


3.6 


3.3% Na 2 C0 3 


0.60 


9.1 




2.9 


2.9 






1.6% Na : C0 3 


0.30 


9.6 




3.8 


3.7 


3.5 


3.7 


0.8% Na : C0 3 


0.15 


9.2 




4.0 


3.7 







* See footnote of Table III. 



6 Disodium acid pyrophosphate. 
c Tetrasodium pyrophosphate. 
d Pentasodium tripolyphosphate. 
25 • Sodium hexametaphosphate. 



The data show that use of the polyphosphate catalysts led to higher initial durable press ratings than 
were obtainable with sodium carbonate, and after 40 launderings of the treated fabrics, durable press 
ratings were higher with polyphosphates as curing catalysts, than when disodium phosphate or trisodium 
phosphate were used. 

Other textile properties were determined on the treated samples prior to machine laundering. As shown 
in Table VII. the polyphosphate catalysts gave wrinkle recovery and strength retention equivalent to those 
obtainable with the other catalysts tested. 

Table VII 





Curing Catalyst 


Wrinkle Recovery 


Warp Tear 


Warp Break 


Stiffness Bending 


40 




Angle (W + F) 


Strength 


Strength Retained 


Moment (Warp) 










Retained 










Cond. 


Wet 










4.1% Na*P 2 07 


284" 


238* 


i 65% 


60% 


4.7x1 0-*in.-lb. 


45 


5.6% NasPaOTo 


281 


232 


i 65 


56 


5.0 




4.4% Na 2 HPO* 


285 


237 


65 


55 


4.3 




5.8% Na 3 PCk.12H 2 0 


281 


226 


66 


61 


4.0 




Untreated fabric 


200 


141 


(100) 


(100) 


4.8 



50 



Example 5 



Polyphosphate and Hypophosphite Salts as Curing Catalysts for the Durable Press Finishing of Cotton Fabric with 

Citric Acid without Softener 
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10 



An aqueous treating bath was prepared containing 6.9% citric acid, and a stated catalyst. An all-cotton 
deseed scoured and bleached 80x80 printcloth weighing 3.2 ozy<P was thoroughly wetted by imme sio! in 
mg bath was passed between the rolls of a wringer, was again immersed in the treat ng bTand 

T ,h9 PreSSUre ° f the wrinaer rol,s bein ° s « to give a wefpickup 
1 h w ? ' m ' XtUre ° n th9 . fabric ' based on the on '9f"al weight of fabric sample The fabric wa^ 

Sif?; ifZ 0Ven 31 85 ° ?0r 5 and WaS heat - cured in a second' for2d Z 

f J ? k, I 9 ° secon<3s - causin 9 some fabric yellowing. The fabric was subsequently machine laundered 
and tumble dried. Textile properties after the one laundering cycle are reported torZwi 

Table VIII 



Catalyst (% in 
pad (bath) % 


Fabric weigh 
gain, % 


t Durable 
press rating 


Wrinkle Recovery Angle 
cond., deg, (W + F) 


, Tear Strength 
retained ,% 


Break Strength 
retained.% 


(NaPO<) 6 






(11.0) 
(6.6) 
(4.4) 
(2.2) 


5.7 • 
5.6 
4.2 
3.8 


3.5 
3.5 
3.5 
3.0 


231 

235 
237 


59 
48 
51 
51 


53 
47 
47 
46 


NaiPiO-2 








(10.0) 
(6.5) 
(4.5) 
(2.5) 


7.4 
6.0 
4.4 
3.8 


3.5 
3.5 
3.3 
3.0 


231 
236 
241 
236 


60 
59 
53 
52 


59 
53 
48 
46 


NatPzO/.IOHzO 








(8.0) 
(4.8) 
(3.2) 
(2.4) 


3.0 
2.8 
2.9 
3.0 


' 2.0 
1.5 
2.0 
1.5 


212 
226 
224 
232 


73 
65 
64 
59 


62 
57 
55 
53 


H 2 NaP0 2 .H 2 0 








(5.9) 
(4.9) 
(3.9) 
(2-9) 

Untreated fabric 


3.3 
3.3 
3.4 
2.9 


3.5 
3.5 
3.5 
3.5 
1.0 


245 
248 
251 
249 
177 


49 
49 
52 
52 
100 


43 
47 
45 
48 
100 



75 



25 



30 



35 



40 



45 



50 



Referring to the catalysts in the order in which listed in Table VIII sodium hrxam***^*^ 



Example 6 



55 



Sodium Hypophorias a Curing Catalyst for the Durable Press Finishing of Cotton Fabric with Citric Acid 

without Fabric Softener 
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Aqueous treating baths were prepared containing citric acid in a range of concentrations and sodium 
hypophosphite curing catalysts as 50% of agent weight. An all-cotton desized, scoured and bleached 80x80 
printcloth weighing 3.2 oryd 2 was thoroughly wetted by immersion in the treating bath, was passed 
between the rolls of a wringer, was again immersed in the treating bath, and was again passed through the 
wringer, the pressure of the wringer rolls being sufficient to give a wet pickup of 90-100% of aqueous 
mixture on the fabric, based on the original weight of fabric sample. The fabric was then dried in a forced 
draft oven at 85 C for 5 minutes, and was heat-cured in a second forced draft oven at 180*C for 90 
seconds. The fabric was subsequently machine laundered and tumble dried. Textile properties after the one 
laundering cycle are reported in Table IX. 

TABLE IX 



Citric acid (% 
in pad bath) 
% 


Fabric weight 
gain, % 


Durable 
press rating 


Wrinkle Recovery Angle, 
cond., deg.,(W + F) 


Tear strength 
retained.% 


Break strength 
retained.% 


12 


6.4 


3.5 


253 


36 


42 


9 


3.9 


3.5 


253 


37 


41 


7 


3.3 


3.5 


249 


42 


42 


5 


1.3 


3.3 


241 


42 


45 



Sodium hypophosphite. used as a curing catalyst for citric acid, produced durable press properties in 
cotton fabric. 

All of the samples of Examples 5 and 6 that were treated with citric acid to produce durable press 
appearance properties in cotton fabric were yellowed by the treatment: the yellow color could be 
substantially removed by treatment with the following agents: 1.5% magnesium monoperoxide, 1.5% 
sodium perborate, 1.5% sodium tetraborate, 1.5% boric acid. 1.5% sodium borohydride. 2% HCI, and 1% 
NaOCL 



Claims 

1. A process for treating fibrous cellulosic material, comprising: impregnating fibrous cellulosic material 
with a treating solution containing a polycarboxylic acid and a curing catalyst: 

the polycarboxylic acid being selected from the group consisting of: aliphatic, alicyclic and aromatic acids 
either olefinically saturated or unsaturated and having at least three carboxyl groups per molecule: aliphatic, 
alicyclic and aromatic acids having two carboxyl groups per molecule and having a carbon-carbon double 
bond located alpha, beta to one or both of the carboxyl groups: aliphatic acids either olefinically saturated 
or unsaturated and having at least three carboxyl groups per molecule and a hydroxyl group present on a 
carbon atom attached to one of the carboxyl groups of the molecule: and, said aliphatic and alicyclic acids 
wherein the acid contains an oxygen or sulfur atom in the chain or ring to which the carboxyl groups are 
attached: one carboxyl group being separated from a second carboxyl group by either two or three carbon 
atoms in the aliphatic and alicyclic acids; one carboxyl group being ortho to a second carboxyl group in the 
aromatic acids: and. one carboxyl group being in the cis configuration relative to a second carboxyl group 
where two carboxyl groups are separated by a carbon-carbon double bond or are both connected to the 
same ring: 

the curing catalyst being selected from the group consisting of alkali metal hypophosphites, alkali metal 
phosphites, and alkali metal polyphosphates, and 

heating the material to produce esterification and crosslinking of the cellulose with the polycarboxylic acid in 
the material. 

2. The process of claim 1 wherein the polycarboxylic acid is selected from the group consisting of: 
maleic acid, citraconic acid: citric acid: itaconic acid: tricarballylic acid: trans-aconitic acid; 1.2,3.4- 
butanetetracarboxylic acid; all-cis-1,2.3,4.-cyclopentanetetracarboxylic acid; mellitic acid; oxydisuccinic acid; 
and. thiodisuccinic acid. 

3. The process of claim 2 wherein the curing catalyst is selected from the group consisting of sodium 
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hypophosphite, disodium phosphite, disodium acid pyrophosphate, tetrasodium pyrophosphate, pen- 
tasodium tnpolyphosphate. and sodium hexametaphosphate. 

4 The process of claim 1 wherein the fibrous cellulosic material contains not less than 30% by weight 

J^^^eSS^*" *• 9r ° UP C ° nSiStin9 ° f COtt ° n ' ^ jUte ' hemp ' rami9 and ^enerid 

5. Fibrous cellulosic material treated by a process comprising: 
impregnating the fibrous cellulosic material with a treating solution containing a polycarboxylic acid and a 
curing catalyst; 

the polycarboxylic acid being selected from the group consisting of aliphatic, alicyclic and aromatic acids 
e ther olefinically saturated or unsaturated and having at least three carboxyl groups per molecule; aliphatic, 
ahcyche ^ aromatic acids having two carboxyl groups per molecule and having a carbon-carbon double 
bond located alpha beta to one or both of the carboxyl groups; aliphatic acids either olefinically saturated 
or unsaturated and having at least three carboxyl groups per molecule and a hydroxyl group present on a 
carbon atom attached to one of the carboxyl groups of the molecule; and. said aliphatic and alicyclic acids 
whanwi i the acid contains an oxygen or sulfur atom in the chain or ring to which the carboxyl groups are 
attached; one carboxyl group being separated from a second carboxyl group by either two or three carbon 
atoms in the aliphatic and alicyclic acids; one carboxyl group being ortho to a second carboxyl group in the 
aromatic acds: and. one carboxyl group being in the cis configuratioTTelative to a second carboxyl group 
where two carboxyl groups are separated by a carbon^carbon double bond or are both connected to the 
sam© nriQ, 

the curing catalyst be.ng selected from the group consisting of alkali metal hypophosphites alkali metal 
phosphites, and alkali metal polyphosphates; and, ospn.ies. aixan metal 

!?e m?teriS| matefial '° Pr ° dUCe eSterlfication and cmssii ^9 of the cellulose with the polycarboxylic acid in 

r,J'J hB ? f0U f Ce " Ul0SiC materia ' ° f C ' aim 5 Wherein the P o| ycarboxylic acid is selected from the group 
consisting of male.c acd: citracomc acid: citric acid: .laconic acid: tricarballylic acd: trans-aconitic acid; 
i 2.3.4-bu.ane,e fr acarboxyl,c acid: a..-c ! s-t.2.3.4-cyclopen t anetetracarboxylic acid: mellitiFTcd; oxydisuc^ 
cmic acid; and thiodisuccmic acid. 

m n LZ e f f ro " scel,u J osic mater,al of claim 5 herein the curing catalyst is selected from the group 
ZToTLt T ' ypophosphite - disodium P»"»phto. disodium acid pyrophosphate, tetrasodium 
pyrophosphate, pentasod.um tnpolyphosphate. and sodium hexametaphosphate 

8 The fibrous cellulosic material of claim 5 wherein the polycarboxylic acid is 1 ,2.3.4-butanetetracar- 
SL 3 ' k 3 k> 9 Cu :! n 9 cataJ y st is selected fr °™ the group consisting of sodium hypophosphite. 
22? nh k ° SP !' , d,SOdiUm 3C,d W°0 hos ^e, tetrasodium pyrophosphate, pentasodium 
tnpolyphosphate. and sodium hexametaphosphate. 



16 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 354 648 A3 



EUROPEAN PATENT APPLICATION 



@ Application number: 89306020.2 
@ Date of filing: 14.06.89 



© Int. CIA D06M 13/192 



© Priority: 16.06.88 US 207461 
10.04.89 US 335346 

© Date of publication of application: 

14.02.90 Bulletin 90/07 

© Designated Contracting States: 

AT BE CH DE ES FR GB GR IT LI LU NL SE 

® Date of deferred publication of the search report: 

10.07.91 Bulletin 91/28 



© Applicant: THE UNITED STATES OF AMERICA 
as represented by the Secretary, United 
States Department of Commerce 
National Technical Information Service, 
Office of Government Inventions and 
Patents, 5285 Port Royal Road 
Springfield, Virginia 22161(US) 

@ Inventor: Welch, Clark M. 
5704 Ruth St 

Metairie Louisiana 7003(US) 
Inventor: Andrews, Bethlehem K. 
5844 Sylvia Dr. 

New Orleans Louisiana 70124(US) 



© Representative: Jump, Timothy John Simon et 
al 

VENNER, SHIPLEY & CO. 368 City Road 
London EC1V 2QA(GB) 



© Process for the formaldehyde-free durable press finishing of cotton textiles with polycarboxylic 
acids. 



© Catalysts for the rapid esterification and crosslin- 
king of fibrous cellulose in textile form by polycar- 
boxylic acids at elevated temperatures are disclosed. 
The catalysts are acidic or weakly basic salts se- 
lected from the alkali metal salts of phosphorous, 
hypophosphorous, and polyphosphoric acids. Suit- 
able polycarboxylic acids include saturated, unsatu- 
£J rated and aromatic acids, as well as alpha-hydroxy 
^ acids. The textiles so treated exhibit high levels of 
00 wrinkle resistance and smooth drying properties du- 
^ rable to repeated laundering in alkaline detergents, 
® and do not contain or release formaldehyde. 

CO 



0. 

LU 



Xerox Copy Centre 



f 



J 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 

EP 89 30 6020 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (int. CI.5) 



D,A 



TEXTILE RESEARCH JOURNAL, vol. 38, 1968, pages 
634-643; S.P. ROWLAND et al.: "Mobile ester cross links for 
thermal creasing of wrinkle-resistant cotton fabrics" 

* Whole * 

TEXTILE RESEARCH JOURNAL, vol. 58. 1988, pages 
480-486; CM. WELCH: "Tetracarboxylic acids as 
formaldehyde-free durable press finishing agents" 

* Whole * 

US-A-3 526 048 (ROWLAND et al.) 

* Whole * 



D 

06 M 13/20 



1-8 



TECHNICAL FIELDS 
SEARCHED (Int. CI.5) 



D06M 



The present search report has been drawn up for all claims 



Place of search 

The Hague 



i of completion of search 

15 April 91 



Examiner 
HELLEMANS W.J.R. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 

document of the same catagory 
A: technological background 
O: non-written disclosure 
P : intermediate document 
T: theory or principle underlying the invention 



E : earlier patent document, but published on, or after 

the filing date 
D : document cited in the application 
L : document cited lor other reasons 

& : member of the same patent family, corresponding 



